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Although prostaglandin research began about 50 years ago, many of the most important advances
in understanding the biochemistry, physiology and pharmacology have taken place within the past
five to ten years. There is great potential for the extension of this research to the clinical practice of
medicine. At this time, the most common interaction that clinicians have with the prostaglandin field
is in administering nonsteroidal anti-inflammatory drugs, which function by inhibiting prostaglan-
dins. The uses of these drugs include treating not only inflammation, but also dysmenorrhea, some
renal diseases, thrombotic diseases and some metabolic disorders. Prostaglandin analogs, with
their potent effects on uterine contraction, are in common use in obstetrics. Other analogs with
gastric and duodenal cytoprotective effects are useful in treating peptic ulcer disease. Future
benefits from prostaglandin and leukotriene research may include new therapy for inflammatory and
hypersensitivity diseases such as asthma, inflammatory bowel disease and dermatitis.

(Zipser RD, Laffi G: Prostaglandins, thromboxanes and leukotrienes in clinical medicine [Medical
Progress]. West J Med 1985 Oct; 143:485-497)

In this review we emphasize those areas of prostaglandin,
thromboxane and leukotriene (collectively called “‘eicosa-
noids’’) biochemistry and physiology that interact with the
contemporary practice of medicine. Additional emphasis will
include discussions of assay methods, inhibitors and pharma-
cology to assist readers in interpreting the increasing number
of publications that cover these areas. Eicosanoid research
has made important contributions to several subspecialties,
including cardiovascular and thrombotic disease, immunity
and inflammation, reproduction, nephrology, pulmonary dis-
ease, gastroenterology and metabolic disorders. These areas
will be discussed in more detail.

History and Introduction

The history of prostaglandins began in the 1930s with the
observation by two New York gynecologists, Kurzrok and
Lieb, that human semen caused contractions and relaxation of
human myometrium.' These observations were soon con-
firmed by Goldblatt in England? and by von Euler in Sweden.?
In 1935 von Euler purified the active compounds by acid lipid
extraction of sheep vesicular glands and coined the term
‘‘prostaglandin’’ in the belief that the prostate was the
source.* At about the same time, the history of leukotrienes
began with the finding by Feldberg, Kellaway and Trethewie

of a factor from dog lung exposed to cobra venom and a
similar factor from sensitized guinea pig lung that caused a
slow, prolonged contraction of the guinea pig jejunum.s-¢
These factors were called slow-reacting substance of anaphy-
laxis (SRS-A) and later identified as a possible mediator of
asthma and other hypersensitivity reactions. There was then a
delay in progress until the 1960s when a series of major
advances began in Sweden by Bergstrom and colleagues, in-
cluding Samuelsson, and in The Netherlands by Van Dorp.
Prostaglandins were identified as a group of compounds
rather than a single substance, and arachidonic acid was iden-
tified as their precursor.”-® Isolation of large amounts of nat-
ural prostaglandins from the Caribbean coral Plexaura
homomalla, new methods of synthesis pioneered by Corey
and others and extensive distribution of these products to
investigators by the Upjohn Company and other pharmaceu-
tical companies permitted intensive widespread study of these
compounds. It was soon recognized that prostaglandins were
produced by nearly all biologic tissue. Profound pharmaco-
logic effects of these compounds were shown on smooth
muscle contraction, cell secretions and platelet aggregation,
which fostered the concept that prostaglandins functioned as
local mediators of many biologic systems.

In 1971 the number of publications in this field began to
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ABBREVIATIONS USED IN TEXT
cyclic AMP = adenosine 3':5'-cyclic phosphate
HETE = hydroxyeicosatetraenoic acid
HPETE = hydroperoxyeicosatetraenoic acid
LT = leukotriene
NSAID = nonsteroidal anti-inflammatory drug
PG = prostaglandin
SRS-A = slow-reacting substance of anaphylaxis
Tx = thromboxane

explode with the key discovery by Vane and colleagues in
England that aspirin, indomethacin and other nonsteroidal
anti-inflammatory drugs inhibited prostaglandin biosynthe-
sis.® Over the past 12 years there have been more than 26,000
publications. Major highlights included the 1975 report by
Hamberg, Svensson and Samuelsson identifying the potent
platelet-aggregatory substance, thromboxane A,,'° and the
1976 identification by Moncada, Vane and co-workers of the
antiaggregatory vasodilator, prostaglandin I,.'* During this
time, parallel progress was made in studies of SRS-A in-
cluding identification of arachidonic acid as the precursor.'?
In 1979 the Samuelsson laboratory announced the structures
of the leukotrienes that make up the compounds of SRS-A !2-14
New enzymatic pathways of arachidonic acid metabolism
involving the lipoxygenase pathway were identified, as well
as potent new biologic mediators of inflammation. In 1982 the
Nobel prize for physiology and medicine was awarded to
Sune Bergstrom, Bengt Samuelsson and John Vane for their
major contributions to this field. The field continues to expand
with an escalating number of publications on new metabolites
of arachidonic acid, new inhibitors and a plethora of data on
prostaglandin involvement in physiology.

Biochemistry

Prostaglandins and thromboxanes are derived from 20-
carbon fatty acids. In mammals, arachidonic acid is the major
precursor of prostaglandins (‘‘2”’ series prostaglandins) and
is localized primarily in the membrane phospholipids. Di-
homo-+-linolenic acid is the precursor of the ““1”’ series pros-
taglandins (present only in trace amounts), and
eicosapentaenoic acid (predominant in fish oils) is converted
to some extent to the 3" series prostaglandins (Figure 1).
Extreme variations in dietary fat and eicosapentaenoic acid,
such as that derived from the marine diet of Greenland Es-
kimos, can compete with the enzymes governing arachidonic
acid metabolism and alter prostaglandin and thromboxane
synthesis, resulting in biologic changes such as prolonged
bleeding time.'* In essential fatty acid deficiency, prosta-
glandin synthesis is diminished, which may account for some
of the clinical manifestations such as dermopathy.

The cascade of prostaglandin synthesis begins with the
release of arachidonic acid from phospholipids via activation
of phospholipase (primarily phospholipase A,). This rate-
limiting step is initiated by hormonal, ischemic, neural, in-
flammatory or other stimuli varying from cell to cell. Once
released, arachidonic acid is available for enzymatic oxida-
tion into hydroperoxy and hydroxy derivatives. For example,
the 12-lipoxygenase enzyme in platelets induces formation of
the unstable 12-hydroperoxyeicosatetraenoic acid (12-
HPETE), which is reduced by peroxidase to the stable 12-hy-
droxyeicosatetraenoic acid (12-HETE), with unclear bio-
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Figure 1.—Fatty acid precursors of eicosanoids.

logic activity. By a similar mechanism, 15-lipoxygenase in
leukocytes forms 15-HPETE and 15-HETE, which may have
some inflammatory activity. Two other enzymatic oxidation
sites at carbon 11 and 5 are of more biologic importance,
leading to formation of prostaglandins and leukotrienes, re-
spectively. Aside from the biologic activity of the arachi-
donic acid metabolites, the oxidation-peroxidation reactions
may have more direct biologic effects by forming oxygen
radicals, which may induce tissue injury and carcinogene-
SiS. 16,17

Oxidation in the microsomes of most mammalian cells by
the cyclooxygenase enzyme (originally called prostaglandin
synthetase) at C 11 induces formation of a cyclopentane ring
and a cyclic endoperoxide (prostaglandin [PG] G,) (Figure
2). PGG, is rapidly converted by peroxidase activity to
PGH,, the unstable common intermediate of prostaglandins
and thromboxanes. Conversion of PGH, to thromboxanes or
to various prostaglandins is effected by enzyme systems char-
acteristic for each specific cell type. Several examples are
listed. PGE, and PGF,, are the classic prostaglandins present
in many tissues, including the kidney and uterus, with diverse
possible physiologic actions including smooth muscle con-
traction, pyretic reactions and inflammatory interactions.
PGI, (prostacyclin) is particularly prominent in vascular en-
dothelium and possesses both vasodilatory and antiaggrega-
tory actions. PGD, is a major product of mast cells and brain
tissue. Thromboxane A, production is most commonly asso-
ciated with platelet aggregation and vasoconstriction (see re-
views.)8-20

Leukotriene formation, which predominates in polynu-
clear leukocytes and some mononuclear cells, results from
5-lipoxygenase activity forming S-HPETE and conversion to
an epoxide moiety, the unstable common intermediate, leuko-
triene (LT) A,. LTA, can then react with water to form the
potent chemokinetic and chemotactic leukotriene, LTB,. Al-
ternatively, LTA, reacting with glutathione leads to the pep-
tide derivatives, LTC,, LTD, and LTE,, which make up the
potent inflammatory mediators collectively known as SRS-A
(see reviews. )'>-21-24 Recently, new compounds and pathways
have been proposed, such as metabolites of 15-lipoxygenase,
called lipoxins that may also have inflammatory functions.?*

Eicosanoid Inhibitors

By far the most common interaction that clinicians have
with the field of prostaglandins is the therapeutic use of non-
steroidal anti-inflammatory drugs (NSAIDs) and of cortico-
steroids for inflammatory conditions. The use of
anti-inflammatory agents, however, certainly preceded pros-
taglandin research (willow bark has been used for centuries,
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for instance, and acetylsalicylic acid has been commercially
available since about 1900), and it is not established that all
the effects of these drugs can be explained by their inhibiting
the cyclooxygenase enzyme. A detailed review of NSAID
pharmacology and clinical experience exceeds the scope of
this summary, and excellent reviews are available.?¢~3? In-
stead, in this summary we will briefly consider the modes of
action of these agents, the prospect for more specific inhibi-
tors and the relevance of the effects of these agents to our
understanding of prostaglandin physiology.

In general, NSAIDs function by inhibiting the cyclooxy-
genase enzyme, thereby diminishing the conversion of arachi-
donic acid to PGH, and to other prostaglandins and
thromboxanes.®'* The anti-inflammatory, analgesic and anti-
pyretic actions of aspirinlike drugs are attributed to inhibition
of prostaglandins, particularly PGE,. Other anti-inflamma-
tory drugs such as colchicine and gold do not inhibit prosta-
glandin. The NSAID effects on cyclooxygenase include
diminished peroxidase activity and reduced generation of ox-
ygen radicals, which may also reduce tissue damage and pos-
sibly reduce the formation of carcinogens. The
anti-inflammatory potency of NSAIDs generally parallels the
prostaglandin-inhibiting potency, although there is some vari-
ation in different tissues. For example, compared with newer

NSAIDs, aspirin is a relatively weak prostaglandin inhibitor,
but it causes a more prolonged inhibition of platelet throm-
boxane because the irreversibly acetylated cyclooxygenase
enzyme cannot be regenerated in the life span of these cells.
Acetaminophen is a poor cyclooxygenase inhibitor in most in
vitro systems, but there is evidence that it may be effective in
brain tissue, explaining its antipyretic and analgesic effects
without peripheral anti-inflammatory effects.3? Compared
with indomethacin and ibuprofen, the new NSAID sulindac is
less likely to cause acute renal impairment in patients with
chronic glomerulonephritis or in those with cirrhosis and as-
cites?3-34; however, it is not clear if this apparent renal sparing
of sulindac is the result of rapid inactivation of the drug by the
kidney or of overall weaker cyclooxygenase activity. Sodium
salicylate reduces prostaglandin synthesis in sites of inflam-
mation and in the pancreatic islet without inhibiting gastric
mucosal or platelet prostaglandins.>*

Finally, caution is urged in extrapolating specific physio-
logic functions of prostaglandins from the effects of NSAIDs.
The NSAIDs are considered “‘nonspecific” because they in-
hibit all of the cyclooxygenase products and also because they
act on multiple organ systems. The observed effects may be
the culmination of effects on several biologic systems. These
agents also have nonprostaglandin effects. For example, indo-
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methacin in high concentrations affects protein kinase, cal-
cium flux and other enzymes.?’ In addition, at least some of
the NSAIDs also block arachidonic acid metabolism by the
15-lipoxygenase enzyme, perhaps contributing to the anti-in-
flammatory effects.*°

Inhibitors of specific enzyme pathways distal to the cy-
clooxygenase enzyme have recently been developed with pos-
sible clinical implications. The first to undergo clinical trials
have been imidazole and pyridine derivatives, which selec-
tively block thromboxane synthetase without reducing other
cyclooxygenase products.*¢-*” The premise is that these drugs
will have antithrombotic action because they block platelet
thromboxane without reducing blood vessel synthesis of pros-
tacyclin. Early clinical trials of patients with thrombotic and
vasospastic disease have suggested some benefit but no clear
advantage over aspirin. Clinical application may have more
promise in other disease states such as glomerulonephritis. >

Pharmacologic administration of glucocorticoids causes
many effects unrelated to arachidonic acid metabolism. At
least in some biologic systems, these steroids inhibit the re-
lease of arachidonic acid from membrane phospholipids.*°
This effect involves synthesis of a glycoprotein that inhibits
phospholipase A, activity.*>*' The new term *‘lipocortins”
best describes this family of compounds.** In susceptible
tissue, all arachidonic acid metabolites are inhibited, in-
cluding cyclooxygenase and lipoxygenase systems. The antic-
ipated reduction in leukotriene synthesis is the popular expla-
nation for some of the glucocorticoid efficacy in cases of
hypersensitivity reaction such as asthma and in inflammatory
states. Fostered by these studies and the increasing amount of
data on the potent effects of leukotrienes, there is currently an
intense effort to develop specific leukotriene inhibitors for
clinical uses that may include patients with asthma, inflamma-
tory arthritis, dermatitis and inflammatory bowel disease.*?

Methodologic Constraints

It has been the unfortunate recurring history of prosta-
glandin assays in clinical research that the early studies of
each eicosanoid report biologic levels that greatly exceed
those subsequently determined with better methods. The
physiologic roles equated with the early measurements are
then subsequently disproved. For example, many early
studies of plasma and serum PGE,, PGE,, PGA, and PGA,
reported normal values ranging from several hundred pico-
grams to several hundred nanograms per milliliter. Theories
on the pathogenesis of blood pressure regulation, sodium bal-
ance and diarrheal states were widely promulgated based on
these reports. Later studies using mass spectrometry con-
firmed that PGA, and PGA, did not exist in detectable
amounts in human circulation and that PGE, plasma levels
were less than 30 pg per ml. Similar misadventures have
occurred with reports of circulating levels of prostacyclin
(PGI,), thromboxane B,, PGF,, and some prostaglandin me-
tabolites (see reviews).!?-4-45 It is now clear that none of these
compounds are present in sufficient concentration to act as
circulating hormones; instead, eicosanoids function primarily
as local mediators. The methodologic problems are caused by
several factors, which include poor antiserum specificity in
early radioimmunoassays, the myriad of unidentified prosta-
glandin metabolites that may cross-react in these assays, poor
specificity and sensitivity of bioassays, the pronounced poten-
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tial for artifactual generation of eicosanoids during sample
collection—such as from platelet release and vessel wall
trauma during blood sampling—the short biologic and chem-
ical half-life of many eicosanoids and unidentified interfering
substances in early mass spectrometry. It behooves the reader
of prostaglandin research to be cautious of all reports of circu-
lating blood and urine levels unless extensive validating
studies (particularly comparison with mass spectrometry)
have been presented. Measurements of tissue concentration of
eicosanoids are suspect because these compounds are gener-
ally not stored and because they are readily produced by tissue
trauma, such as by biopsy. One technique to avoid these
problems is to measure stable metabolites. For example, uri-
nary excretion of 2,3-dinor-PGF,, and 2,3-dinor-throm-
boxane B, appear to quantitatively reflect systemic production
of prostacyclin and thromboxane, respectively,*¢ and plasma
assay of a tetranor metabolite of PGF,,, which has a long
half-life in circulation, accurately reflects systemic produc-
tion of PGF,,.*’

Cardiovascular and Thrombotic Diseases

The role of prostaglandins in controlling blood pressure
has been a topic of dispute for almost 20 years since the
isolation of prostaglandin A, from kidney medulla and the
early reports claiming that circulating levels of PGA, were of
sufficient concentration to affect blood pressure.*®-s° Later
studies showed that PGA, was not present in the circulation. !
Similarly, other vasodepressor prostaglandins such as PGI,
exist in blood in concentrations too low to have circulating
hormonal effects.5* Nevertheless, it is likely that local vas-
cular production of vasodilatory prostaglandins and possibly
vasoconstrictor thromboxanes do function to modulate local
vascular resistance, especially in response to vasopressor hor-
mones and to volume. Thus, administering NSAIDs may in-
crease blood pressure (aside from the sodium-retaining
effects) in a few patients such as those with mineralocorti-
coid-induced hypertension,* and NSAIDs may blunt the ef-
fects of antihypertensive drugs.** The hemodynamic effects
of these agents are particularly evident in patients with con-
gestive heart failure.**

A more contemporary issue is the possible role of prosta-
cyclin (PGI,) and thromboxane (Tx) A, in regulating platelet
aggregation in patients with thrombotic and atherosclerotic
disease. Thromboxane A,, a major arachidonic acid product
of platelets, is a potent vasoconstrictor (similar in potency to
angiotensin II), platelet-aggregatory stimulus (independent of
adenosine diphosphate and thrombin) and bronchoconstric-
tor.'° TxA; has a short half-life (30 seconds in aqueous media)
and spontaneously converts to the inactive TxB,. Following
vascular wall trauma, collagen and other factors stimulate
platelet aggregation and thromboxane release. Aspirin, other
NSAIDs and selective thromboxane-synthesis inhibitors
block thromboxane generation and prolong bleeding time in
vivo and platelet aggregation in vitro.?-56-5¢ Opposing effects
result from PGI,, the predominant arachidonic acid metabo-
lite of intact vascular endothelium with vasodilatory and bron-
chodilatory properties.'' PGI, inhibits platelet aggregation
and prevents TxA, production via a platelet adenosine 3:5'-
cyclic phosphate (cyclic AMP)-mediated pathway.%”*° Di-
pyridamole, an inhibitor of phosphodiesterase, also increases
cyclic-AMP levels, inhibits platelet aggregation by cyclic

THE WESTERN JOURNAL OF MEDICINE



PROSTAGLANDINS, THROMBOXANES AND LEUKOTRIENES

AMP of other mechanisms and potentiates the antiaggrega-
tory effect of aspirin.®® As with TxA,, PGI,, has a short
half-life (about 1.5 minutes in aqueous solution), and it is
converted to an inactive metabolite, 6-keto-prostaglandin
F,., but possibly also to an active metabolite, 6-keto-PGE,,
in some tissues. The general interpretation of these studies is
that the intact endothelium prevents platelet adherence and
aggregation via local generation of PGI, (plus several other
antiplatelet factors). With disruption of the endothelium, ini-
tial platelet adherence occurs and platelet TxA, is then pro-
duced that causes local vasoconstriction and augments
platelet aggregation at the injury site. Production of PGI,
from normal endothelium adjacent to the injury site may be
increased by the use of endoperoxide precursors (PGH,) re-
leased during arachidonic acid metabolism from the platelets
and taken up by the endothelium, thus preventing spread of
platelet aggregation to normal endothelium (Figure 3).57-59-¢!
One clinical implication of these opposing effects of TxA,
and PGI, is the concept that an imbalance of these products
may contribute to thrombotic, atherosclerotic and vasospastic
disease.* This concept is supported by several in vitro studies
showing increased thromboxane generation from disease
states susceptible to atherosclerosis, such as hypercholester-
olemia®® and diabetes mellitus.®* Conversely, high-density
lipoproteins are associated with a reduced risk of cardiovas-
cular disease and in vitro studies have shown an increased
endothelial PGI, response to high-density lipoprotein.®® In
addition, smoking decreases the urinary excretion of a PGI,
metabolite.®® Although the theories of imbalances of arachi-
donic acid metabolites as a cause of atherosclerosis are in-
triguing, rigorous evidence of clinical relevance is still
lacking. Indeed, recent data suggest that systemic PGI, pro-
duction may actually be increased rather than decreased in
patients with atherosclerosis.®’” Based on this imbalance
theory, therapeutic strategies to prevent cardiovascular dis-
ease that attempt to selectively reduce TxA, without im-
pairing PGI, have been proposed, including administering
very low doses of aspirin (to block platelet but not vascular
cyclooxygenase), administering selective inhibitors of throm-
boxane synthetase and prescribing diets rich in eicosapentae-
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Figure 3.—Thromboxane (Tx) and prostacyclin (prostaglandin
[PG]I,) interactions from platelets and blood vessel endothelium.
cAMP = cyclic AMP (adenosine 3":5'-cyclic phosphate), NSAIDs =
nonsteroidal anti<inflammatory drugs
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noic acid (fish oils).®® Although controversy persists, in-
creasing data suggest that administering aspirin (with or
without dipyridamole) is of benefit in reducing the risk of
myocardial infarction in some patients and in reducing reoc-
clusion of saphenous vein coronary artery bypass grafts.®~"*
These data provide clinical support at least for the importance
of platelet aggregation and thromboxane in these diseases. A
role for PGI, is likely, but not proved.”?

Another exciting extension of prostaglandin research to
cardiovascular disease is the pharmacologic administration of
prostacyclin (PGI,) or a stable analog for its platelet antiag-
gregatory and vasodilatory effects.”® Prostacyclin has been
substituted for heparin during extracorporeal circulation such
as hemodialysis, cardiopulmonary bypass and charcoal per-
fusion.”?7 Compared with the effects of heparin therapy,
thrombocytopenia is reduced or prevented, most platelet
functions are maintained and blood loss may also be reduced.
The use of prostacyclin has also been advocated for treating
patients who have atherosclerotic obstruction of extremities,
central retinal vein occlusion, angina pectoris or ischemic
strokes based on the premise that atherosclerotic arteries have
decreased prostacyclin production. Initial results of uncon-
trolled studies are promising.’®”° Earlier studies using infu-
sions of PGE, also claimed relief of pain and ulcer healing in
patients with chronic ischemia of the legs.®® Open trials of
prostacyclin infusion in patients with the Raynaud’s phenom-
enon have also suggested prolonged improvement.®* Results
of double-blind controlled trials have suggested that these
infusions are not consistently beneficial®*~%* and such therapy
will probably not become clinically useful.

Immune and Inflammatory Responses

Perhaps the areas with the most rapidly expanding knowl-
edge about eicosanoid physiology are those of immunity and
inflammation.2*-23-28.31.85-88 Increased production of arachi-
donic acid metabolites occurs at sites of inflammation,85-8°
arising from the injured tissue, from inflammatory cells and
from noninflammatory cells that are apparently stimulated by
other products of inflammation.®®** Oxygen free radicals are
generated by both cyclooxygenase and lipoxygenase path-
ways, and these products likely contribute to tissue injury.*?
Several prostaglandins, especially PGE,, PGI, and possibly
PGD,, contribute to inflammation by increasing the blood
flow (erythema), by dilating vessels and increasing capillary
permeability (edema) and by increasing pain sensitivity to
other mediators such as to bradykinin and histamine. Prosta-
glandins also have pyretic effects under some conditions such
as following release of leukocytic pyrogen and endotoxin.®*-**
It is unclear whether the cyclooxygenase products have che-
motactic and chemokinetic properties: discrepant results have
been reported in several studies. However, leukotriene B, is a
very potent chemotactic factor for neutrophils, eosinophils
and mononuclear cells.*"** Some mono-HETE: are less po-
tent chemotactic agents. LTB, also activates neutrophils by
causing degranulation and superoxide generation. LTC,,
LTD, and LTE, (SRS-A) have vasoconstrictor activity; they
also contribute to edema by increasing capillary permeability.
These SRS-A factors are from 100-fold to 10,000-fold more
potent than histamine in constricting pulmonary airways. It is
apparent that the anti-inflammatory effects of NSAIDs and of
corticosteroids function in part by inhibiting the eicosanoid
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actions cited above. It should be emphasized that eicosanoids
act primarily as potentiators (or in some cases as modulators),
rather than as initiators, of inflammation. In some inflamma-
tory conditions the effects of certain eicosanoids may predom-
inate, favoring the use of specific blockers of the arachidonic
acid cascade. For example, lipoxygenase products may be
particularly important in cases of psoriasis,®®-*” inflammatory
bowel disease®® and rheumatoid arthritis,®® whereas PGD,
predominates in mastocytosis. '*°

In contrast to the apparent proinflammatory actions, ei-
cosarioids generally suppress immune functions.®”-%® In low
concentrations, PGE, suppresses T-lymphocyte functions
that include antigenic stimulation, lymphokine production,
lymphocyte migration, mitogen responsiveness and clonal
proliferation. These actions are mediated by enhanced gener-
ation of cyclic AMP. LTB, and 15-HPETE may have similar
effects. NK-cell and monocyte cytolytic activity is inhibited
by PGE, and by lipoxins, although lipoxins may act indepen-
dently of cyclic AMP. Prostaglandins may also inhibit B-cell
function, either directly or via actions on other immune cells.
Macrophages and monocytes produce large amounts of PGE,
in response to lymphokines and other stimuli that include
zymosan, endotoxins, antigen-antibody complexes and im-
munoglobulin-G fragmerits. A popular theory is that antigens
stimulate lymphocyte production of lymphokines, which acti-
vate mactophages to produce prostaglandins. These prosta-
glandins then function to inhibit the lymphocyte function.'*!
In cases of Hodgkin’s disease the defect in cellular immunity
is due to a population of prostaglandin-producing suppressor
cells.'°? Immunosuppressive activity from macrophages (pre-
sumably via prostaglandin production) may contribute to the
anergy present in patients with chronic inflammatory diseases
such as Q fever, coccidioidomycosis and tuberculosis. '

These pieces of information are consistent with the theory
that eicosanoids function predominantly as potentiators of
acute inflammation, actions that are inhibited by corticoste-
roids arid by NSAIDs. In contrast, in some chronic disease
states, eicosanoids function to depress cellular immunity and
prostaglandin inhibitors may act to stimulate cellular immune
function.

Reproduction

Anothet important impact of prostaglandin research on
clinical medicine involves reproduction, including the exten-
sive use of exogenous prostaglandins as pharmacologic
agents. 104-107

Seminal fluid contains the highest concentration of prosta-
glandins of all human tissue, more than 100,000-fold more
concentrated than in circulating plasma.'°®-'® This observa-
tion has led to speculation that seminal fluid prostaglandins
are involved in the contractile response of the vas deferens
and the uterus, although the precise function in fertility is not
established. There is some evidence, however, of diminished
seminal fluid prostaglandin concentration in somie infertile
men who have no other apparent abnormality.'*°

There is pronounced species variation in the physiologic
functions and pharmacologic effects of prostaglandins in fe-
male reproductive organs. In rats and rabbits, but not in hu-
mans, prostaglandins are obligatory mediators of ovula-
tion.''*!'2 Gonadotropin-stimulated cyclic AMP in the
granulosa cell induces prostaglandin synthesis.!°”-'!* Indo-
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methacin prevents follicular rupture, and exogenous prosta-
glandins reverse this effect. In many species including sheep,
cows, horses and pigs, prostaglandin production (possibly
PGF,, from the uterus) is the key factor causing luteoly-
sis.''*"1'% Prostaglandin administration has been used to syn-
chronize the estrous cycle of cows and other animals to facili-
tate artificial insemination.*'® In humans, there is no strong
evidence that prostaglandins or prostaglandin inhibitors have
direct effects on ovulation or on maintaining the corpus lu-
teum. There is substantial evidence, liowever, that increased
production of endometrial prostaglandins contributes to the
symptoms of dysmenorrhea, and NSAIDs are now widely
prescribed for these symptoms.'!’~'*® Several clinical trials
have confirmed the safety and efficacy of these drugs for such
symptoms as uterine cramps, headache, nausea and diar-
rhea.'?® NSAIDs are also used to treat dysfunctional uterine
bleeding, especially in association with intrauterine contra-
ceptive devices.'!-122

During pregnancy, the uterus is particularly sensitive to
PGE,, PGF,, and their analogs. Endogenous prostaglandins
may mediate uterine contractions in nonsurgical abortions,'?*
and exogenous prostaglandins are widely used for terminating
pregnancy, particularly in the second trimester.'®*'°* Major
complications of this treatment include bronchospasm, shock,
seizures and cervicovaginal fistulas. Gastrointestinal symp-
toms are common. Prostaglandins are generally more effec-
tive, however, and are associated with less frequent serious
side effects than hypertonic saline.'?* Side effects are also
minimized with local administration (intrauterine or intrava-
ginal instead of oral, intravenous or intramuscular) and with
newer analogs.'?*'2¢ Abnormal pregnancies, such as missed
abortions and intrauterine fetal death, appear particularly sen-
sitive to exogenous prostaglandins. '?’

Karim and co-workers in Singapore first reported the use
of prostaglandins for inducing labor in 1968.!2® However,
oxytocin generally remains the drug of choice.!%417:12
NSAIDs may prolong gestation and delay the onset of labor.
These drugs should not be used for treating cases of premature
labor as they potentially affect fetal pulmonary circulation and
hemostasis.*** Endogenous prostaglandins may be involved
in cervical ripening,'*' and exogenous prostaglandins have
been used to hasten cervical ripening at term.'*? Prostaglan-
dins may also be effective in controlling postpartum hemor-
rhage.

NSAIDs are an established therapy for closing a patent
ductus arteriosus in premature newborns. 33134 It is likely that
prostaglandins (probably PGE, or PGI,) function to maintain
patency of the ductus during normal fetal life. These prosta-
glandins arise from ductal tissue or possibly from the lung. At
birth, the ductus normally closes in response ta increased
oxygen tension, possibly related to a fall or a shift in prosta-
glandin synthesis.'**"'3” Exogenous prostaglandins may be
infused to prevent closure of the ductus arteriosus when it is
critical to maintain fetal circulation, such as with congenital
right ventricular outflow obstruction, transposition of the
great arteries and with some anomalies of the aortic arch.!3

Renal Function

There has been extensive research summarized by thor-
ough reviews on the role of prostaglandins in renal physiolo-
gy.'%*"'* Prostaglandins have been implicated in the physio-

THE WESTERN JOURNAL OF MEDICINE



PROSTAGLANDINS, THROMBOXANES AND LEUKOTRIENES

logic control of renal hemodynamics, renin release, sodium
excretion and water transport. There are extensive data on
possible functions of prostaglandins and thromboxanes in a
number of renal diseases, including Bartter’s syndrome, ob-
structive uropathy, functional renal impairment associated
with liver disease, glomerulonephritis, acute and chronic
renal failure and renal transplant rejection. In this review we
will emphasize the clinical applications of these data, particu-
larly the beneficial and adverse effects of NSAIDs.

~ Bartter’s syndrome was the first renal disorder clearly rec-
ognized to involve augmented renal prostaglandin synthe-
sis.'#57'47 Increased renal synthesis of PGE, or PGI, from
different regions of the kidney and peripheral vasculature con-
tribute to the hyperreninism, sodium depletion, polyuria, low
blood pressure, resistance to the pressor effects of angiotensin
and norepinephrine, increased urinary excretion of prosta-
glandins and possibly to the hypokalemia. Administering in-
domethacin and other NSAIDs greatly alleviates these abnor-
malities, and NSAIDs are now the standard treatment.
However, chloride wasting is likely the primary abnormality
of this disorder and prostaglandins are probably secondary
mediators. Giving NSAIDs does not fully correct the hypoka-
lemia.*® In patients with the more common disorders in-
volving volume depletion or relative underperfusion of the
kidneys, such as diuretic administration, surreptitious vom-
iting, congestive heart failure and cirrhosis with ascites, the
increased prostaglandin excretion and prostaglandin-medi-
ated hyperreninism are also reduced by NSAIDs. 143-144.149-153
Results of these clinical studies and of many animal and in
vitro studies support the concept that prostaglandins (prob-
ably PGI, produced in the renal cortex) are involved in renin
release, although prostaglandins are not obligatory intermedi-
ates, as profound stimuli arising from sodium depletion, -
adrenergic stimuli or hypotension causes renin release despite
cyclooxygenase inhibition.'s*"'*® An additional clinical im-
plication of these observations is that during renin determina-
tion for classification of hypertension or other conditions,
NSAIDs will suppress renin activity and withdrawal of
NSAIDs may cause a rebound elevation in renin.'** Pro-
longed suppression of renin and the secondary suppression of
aldosterone in some patients with mild chronic renal impair-
ment may cause hyperkalemia and mimic the syndrome of
hyporeninemic hypoaldosteronism. '¢°

Synthesis of renal cortical vasodilatory prostaglandins is
enhanced in patients with glomerulonephritis or underperfu-
sion of the kidney, such as in those who have cirrhosis with
ascites, heart failure or sodium depletion. These prostaglan-
dins function to maintain renal perfusion, countering vaso-
constrictor stimuli such as catecholamines and angiotensin.
Administering NSAIDs to these susceptible patients unmasks
the underlying renal vasoconstriction and results in an abrupt
decrease in renal blood flow and glomerular filtration rate.*
This situation is most dramatic in patients with cirrhosis and
ascites in whom as little as 25 mg of indomethacin may cause
anuria for several hours. !5 A diminished glomerular fil-
tration rate may contribute to the apparent beneficial effects of
NSAIDs to reduce proteinuria in patients with nephrotic syn-
drome, althcugh a more direct prostaglandin effect on pro-
teinuria may also be involved. ¢

*Reference numbers 143, 144, 151-153, 161-164.
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The role of renal prostaglandins in sodium excretion is
incompletely understood. Clearly, various NSAIDs cause so-
dium retention—generally about 150 mEq over several days
in healthy subjects with greater retention in patients with
various disease states.'®® The intrarenal site of action for this
effect may involve active chloride transport in the ascending
limb of Henle, sodium absorption in the cortical collecting
tubule or reduced glomerular filtration.!38-141.167.168 The jn-
volvement of prostaglandins in sodium excretion is most pro-
nounced during diuretic administration. NSAIDs including
aspirin and sulindac greatly impair the natriuretic response to
furosemide, spironolactone and other diuretics.4-169-'7!
There is increasing evidence that prostaglandins are also in-
volved in water excretion. A series of studies by Orloff and
others suggested that prostaglandins produced in the col-
lecting tubule may function as a negative feedback inhibitor on
antidiuretic hormone-stimulated water reabsorption.'?2-'74
Although the interactions of antidiuretic hormone, cyclic
AMP and prostaglandins are complex and not fully under-
stood, '”% it is clear that NSAIDs contribute to water retention
in humans and may contribute to dilutional hyponatremia.
Alternatively, these drugs may be useful in reducing water
loss in patients with central diabetes insipidus.'**-*4° NSAIDs
also decrease water loss in patients with nephrogenic diabetes
insipidus, indicating that the drugs also act independently of
antidiuretic hormone, apparently by altering the medullary or
glomerular blood flow.'”¢

A series of animal studies by Morrison, Needleman and
associates have shown that a ureteral obstructed kidney pro-
duces large amounts of thromboxane A,, which may increase
renal vascular resistance and diminish renal blood flow. '
A similar situation occurs after partial obstruction of the renal
vein.'”? In these models, fibroblast and mononucledr cell in-
filtration is the source of the augmented thromboxanes:'%®
Renal thromboxane production is also increased in experi-
mental glomerulonephritis.'®* The role of vasoconstrictor
thromboxane in human renal function is less clear. Throm-
boxanes do not regulate renal blood flow in normal persons. '**
Urinary TxB, is greatly increased in patients with the hepato-
renal syndrome,'®* but thromboxanes are probably not the
cause of the renal vasoconstriction.'® In patients with renal
transplant rejection, urinary TxB, is also increased and serves
as an early indication of rejection.®® In this disorder it is
likely that thromboxanes from infiltrating cells contribute to
the rejection process. Plate st generation of thromboxanes or
prostaglandins may also have deleterious long-term effects on
the progression of membranoproliferative glomerulonephritis
in humans.3®

Pulmonary Physiology and Diseases

In studies using pharmacologic amounts of eicosanoids in
isolated tissues, animals and humans, possible functions of
these chemicals have been suggested in regulating lung vas-
cular and bronchial smooth muscle tone and in mucus secre-
tion.'%6:187 Although there are species and preparation differ-
ences, pulmonary vascular constriction is caused by PGE,
(opposite to its peripheral vasodilatory effect), PGD, and
PGF,,.1%1# PGE, is a vasodilator, and administering a
PGE, analog to patients with chronic lung disease is effective
in lowering pulmonary vascular resistance but does not imme-
diately improve pulmonary function.*° PGI, is also a potent
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vasodilator and weak bronchodilator, and infusions of PGI,
have been administered for treating pulmonary hyperten-
sion.'?!

PGF,.,, TxA, and PGD, are bronchoconstrictors, and the
bronchoconstrictive effect of PGF,, aerosol is greatly potenti-
ated in patients with asthma.'®’**? In contrast, PGE, and
PGE, are bronchodilators and block the effects of PGF,, .'?*
As described above, leukotrienes C,, D, and E, are éxtremely
potent bronchoconstrictors, perhaps 1,000-fold more potent
than histamine on bronchial tissue.'?*-'*¢ These leukotrienes
also stimulate mucus secretion and increase vascular perme-
ability.

These pharmacologic data are not synonymous with phys-
iologic functions. However, there is strong evidence for ei-
cosanoid activity in several types of pulmonary disease¢, par-
ticularly in patients with asthma.**” SRS-A (now identified as
peptide leukotrienes) has been implicated as a key mediator of
allergic bronchospasm for decades.'?® These leukotrienes are
synthesized in human lung tissue, especially from pulmonary
mast cells.'*?2% Leukotriene generation is increased during
an allergic challenge in patients with asthma in parallel with
the onset of bronchoconstriction.?°! In contrast to their hyper-
sensitive response to PGF,,, however, patients with asthma
have the same degree of bronchoconstriction response to
LTD, as do those who do not have asthma.°? In guinea pigs,
part of the leukotriene-induced bronchoconstriction is medi-
ated by augmented TxA, release,?° but in humans the leuko-
triene effect is independent of cyclooxygenase products.2®*
About 15% of patierits with asthma have an attack following
ingestion of an NSAID, apparently related to cyclooxygenase
inhibition?° and possibly due to a shift in arachidonic acid
metabolism from cyclooxygenase to lipoxygenase products.
Corticosteroids are a well-established therapy for persistent
asthma, and these drugs reduce lipoxygenase products, sup-
porting the link between leukotrienes and asthma. Proof of
this association and possible new therapeutic modalities must
await development of specific leukotriene inhibitors. **

Eicosanoids have been implicated in several other types of
acute pulmonary injury.2°¢-2°? With massive pulmonary em-
boli, thromboxane release from activated platelets or lung
parenchyma contributes to the hemodynamic alterations.2°8
Assay of thromboxanes excreted in the urine may be a useful
adjunct to diagnosing acute thromboembolic disease.?®®
Thromboxanes and other cyclooxygenase products may also
contribute to the pulmonary hypertension and respiratory dis-
tress that develops after trauma, fat emboli and possibly sep-
sis,206:207.210.211 Ip studies of animals, cyclooxygenase and
thromboxane inhibitors improve cardiopulmonary hemody-
namics.?!°-2!3 Infusions of PGI, or PGE, may also be useful
by countering the effects of thromboxane, and clinical trials in
humans are in progress.

Cyclooxygenase products are released into the circulation
in large amounts during septic shock in animals and humans,
and these products may also contribute to the systemic cardio-
vascular changes, including myocardial depression.?!3-2!7 At
least in some animal models of septic shock, pretreatment
with thromboxane inhibitors improves survival.2!4:216-217 The
clinical usefulness of these agents for treating septic shock in
humans has not been shown.

In inflammatory diseases of the lung, as with inflammation
elsewhere, prostaglandins arid leukotrienes are likely in-
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volved. During inflammatory insults, such as bleomycin ad-
ministration and exposure to asbestos fibers, an interaction
between alveolar macrophages and fibroblasts involving
prostaglandin E, and interleukin 1 may lead to collagen pro-
duction and pulmonary fibrosis. 22!

Gastrointestinal Physiology

Administering large amounts of prostaglandin E or F,
such as for terminating a pregnancy, frequently causes diar-
rhea.?2%-22! This phénomenon was initially attributed to direct
stimulation of intestinal smooth muscle; it is now clear, how-
ever, that prostaglandins enhance intestinal fluid and electro-
lyte secretion and cause a secretory diarrhea.???-2?* Prosta-
glandins of the E and F type increase cyclic AMP in the small
intestine and probably also in the colon, similar to the effects
of cholera toxin.?2422¢ Although still controversial, prosta-
glandins probably have only a minimal or secondary role in
cholera toxin-induced diarrhea,?*® and prostaglandin inhibi-
tors have not proved useful in treating human cholera infec-
tion. Endogenous prostaglandins may have a physiologic role
in jejunal secretion in humans,?*° and augmented intestinal
prostaglandin synthesis may contribute to the diarrhea associ-
ated with Salmonella, Shigella and Escherichia coli infec-
tions?*'; however, as in cholera infections, NSAIDs have not
been clinically beneficial.

Prostaglandins have also been claimed to play a role in the
diarrhea associated with a variety of noninfectious causes,
including laxatives—such as bisacodyl, senna compounds,
docusate sodium (dioctyl sodium sulfosuccinate)—thyrotoxi-
cosis, hypergastrinemia, radiation-induced enteritis, irritable
bowel syndrome and paraneoplastic syndromes.?24-22¢ It is
difficult to interpret many of these early studies that suggested
an association between prostaglandins and these clinical
states. Some of the early prostaglandin assays of blood or
intestinal contents were later shown to be problematic. The
clinical response to NSAIDs often did not relate to increased
basal prostaglandin levels. Studies dohe on animals were not
always repeated in humans, and many publications were iso-
lated case reports. In an excellent review, Metz, McRae and
Robertson discuss the criteria to assess these publications.?3?
Nevertheless, it is likely that overproduction of prostaglan-
dins contributes to the diarrhea of a few patients with paricre-
atic tumors, medullary carcinoma of the thyroid and perhaps
other conditions,?**-23? and a therapeutic trial of NSAIDs may
be useful in patients occasionally seen who have diarrhea that
is unresponsive to other modalities.

Prostaglandins are released at the sites of inflammation,
including the colonic mucosa in cases of active inflammatory
bowel disease.?4-2*¢ These eicosanocids potentially may affect
colonic motility, epithelial cell proliferation, anion secretion
and inflammation.?**-23” However, administration of prosta-
glandin inhibitors does not appear to reduce the inflamma-
tion.?*"24¢ Conversely, administering prostaglandins does
not appear to be effective in maintaining remission in patients
with ulcerative colitis.>** Lipoxygenase products are also in-
creased in patients with colitis,?**-24* and these products may
be more important than prostaglandins in contributing to in-
flammation and electrolyte secretion.?** Recent studies by
Stenson and Lobos have suggested that inhibition of leuko-
trienes is the mechanism of action of sulfasalazine and pre-
sumably corticosteroids in this disease.?** The role of leuko-
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trienes in inflammatory bowel disease will likely be further
defined with the development of specific lipoxygenase inhibi-
tors.

The most extensive research on prostaglandins and the
gastrointestinal tract has focused on the gastric and duodenal
mucosa. Early observations that exogenous prostaglandins
inhibited gastric acid secretion in animals?**¢ and in hu-
mans?*’-248 suggested that prostaglandins could be therapeutic
agents for treating peptic ulcer disease. Synthetic prosta-
glandin analogs—especially 15,15- and 16,16-dimethyl
PGE,—were more potent and longer acting than the natural
prostaglandins. In studies using animals, exogenous prosta-
glandins were effective in healing duodenal ulcers and pro-
tecting against gastric mucosal injury induced by acid, alkali,
base and a variety of other noxious stimuli.226-228.249.250 Thege
protective effects, however, were obtained with doses of pros-
taglandins less than 1/100th the dose needed to reduce acid
secretion. The term “‘cytoprotection” is used to refer to this
ability of exogenous prostaglandins to prevent damage to the
gastric mucosa from noxious stimuli. Extensive research into
the mechanism of cytoprotection has ensued. There are exper-
imental data to support and to refute each of the proposed
mechanisms: increased gastric mucosal blood flow, stimula-
tion of cyclic AMP, prevention of gastric mucosal barrier
disruption—that is, reducing hydrogen ion diffusion back into
the mucosa—stimulation of mucus secretion, increase in alka-
line secretion from nonparietal cells—that is, increasing the
mucus-bicarbonate barrier—stimulation of cellular protein
synthesis or transport or stabilization of lysosomes, mainte-
nance of sulfhydryl compounds, increased cell proliferation
and increase in mucosal surface hydrophobicity. It is clear
from numerous clinical trials in humans that orally adminis-
tered prostaglandins are equally effective as H, antagonists in
healing duodenal ulcers, and prostaglandin analogs will likely
be available for general clinical administration for this indica-
tion within a few years in this country. These compounds
include 16,16-dimethyl PGE, (Upjohn), enprostil (Syntex),
misoprostol (Searle), rioprostil (Ortho-Miles-Bayer) and tri-
moprostil (Hoffmann-La Roche).?s' These agents may also
prove useful in treating gastric ulcer and hemorrhagic gas-
tritis. The drugs are not without effects in other organs, and
there is evidence that they may potentiate esophagitis associ-
ated with reduction in lower esophageal sphincter pres-
Sure.ZSZ.ZSJ

Endogenous production of prostaglandins from the gastric
mucosa functions as a physiologic protective mecha-
nism,226-228.249.250 Cyrrent theory is that mild irritants, such
as dilute ethanol, sodium chloride solutions and acid, stimu-
late prostaglandin production, which protects the gastric mu-
cosa from subsequent necrotizing agents (more concentrated
ethanol, for example). This phenomenon may also contribute
to the therapeutic effects of sucralfate?** and antacids.

Prostaglandins are likely involved in other aspects of gas-
trointestinal function. Gallbladder production of eicosanoids
is increased in the inflamed tissues of cholecystitis and may
contribute to decreased fluid absorption, gallbladder contrac-
tion and biliary pain.2s* Endogenous prostaglandins may also
be involved in intestinal motility, although the clinical rele-
vance to humans has not been shown. However, exogenous
prostaglandins may be useful in stimulating motility in the
treatment of postoperative ileus.?%®
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Metabolic Disorders

There is laboratory and hypothetical evidence implicating
prostaglandins in many metabolic processes including hor-
mone secretion, neurotransmission and mineral and electro-
lyte disorders. The topics of glucose regulation and hypercal-
cemia of malignancy have received the most attention.

The role of arachidonic acid metabolites in glucose regula-
tion has been controversial.?32-257-2%% Prostaglandin E is syn-
thesized by the pancreatic islet, and infusions of prosta-
glandin E in humans generally inhibit insulin secretion and
increase circulating glucose concentration. Although aspirin
immediately enhances insulin release in persons with type II
diabetes mellitus, available data fail to substantiate a clini-
cally significant glucose-lowering effect in prolonged trials.
Indomethacin has the opposite effect of other NSAIDs, appar-
ently by a non-cyclooxygenase-mediated mechanism. Recent
data suggest that a lipoxygenase product, probably 12-
HETE, produced by the islet cells may have a key role in
mediating insulin release.2%°

Prostaglandins were first implicated as mediators of hy-
percalcemia of malignancy in animal models.?¢' Presumably
a prostaglandin metabolite released into the circulation stimu-
lates bone resorption, and indomethacin normalizes the hy-
percalcemia.?¢* Recent findings have challenged this interpre-
tation. ¢ In humans, as many as 20% of cancer patients with
hypercalcemia have no apparent bone metastasis, implicating
humoral mechanisms for the hypercalcemia. An early study
by Seyberth and associates implicated excessive circulating
PGE, presumably released from the tumors, as the cause of
hypercalcemia in many of these patients.?*> Administering
indomethacin or aspirin reduced the serum calcium levels in
the patients who had increased PGE metabolite levels. Other
investigators have also shown increased prostaglandins and
reduced serum calcium levels with indomethacin in a few
patients24-26%; it is not established, however, that circulating
prostaglandins exist in high enough concentration to directly
induce bone resorption. There is also evidence that the tumors
may have products that induce the bone to synthesize eicosa-
noids, which then cause release of calcium.?%¢ At this time,
the topic remains unclear, and circulating prostaglandins are
probably not the explanation for the hypercalcemia of malig-
nancy.?¢’

Arachidonic acid metabolites have been implicated in
other aspects of cancer, including immunosuppression,
cancer cell growth and metastasis, and there is a potential use
for NSAIDs in combination with chemotherapy. Several re-
cent review articles discuss these topics.268-2"*

Conclusions

Because of the recurring history of prostaglandin research
in which many proposed physiologic functions could not be
confirmed with subsequent better methods and study design,
our concluding comment is to emphasize that readers care-
fully evaluate the assay techniques, the use of pharmacologic
agonists and antagonists and the protocol design before ac-
cepting newly proposed physiologic functions for eicosa-
noids.

Research in arachidonic acid metabolites has increased
greatly over the past two decades. The discovery of leuko-
trienes and related compounds will likely lead to clinical ben-
efit in patients with asthma and inflammatory conditions. In
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1985, prostaglandins have definitely become part of the clin-
ical practice of medicine, particularly in the fields of repro-
duction, gastroenterology, nephrology and rheumatology.

REFERENCES

1. Kurzrok R, Lieb CC: Biochemical studies of human semen—II. The action of
semen on the human uterus. Proc Soc Exp Biol Med 1930; 28:268-272

2. Goldblatt MW: Properties of human seminal plasma. J Physiol 1935;
84:208-218

3. Von Euler US: Zur kenntnis der pharmakologischen Wirkungen von natirsek-
reten und Extrackten mannlicher accessorischer Geschlechtsdrussen. Arch Exp Path
Pharmak 1934; 175:78-84

4. Von Euler US: Uber die spezifische blutdrucksenkende Substanz des meschli-
chen Prostata-und Samenblazensekretes. Klin Wochenschr 1935; 14:1182-1183

5. Feldberg W, Kellaway CH: Liberation of histamine and formation of lysocithin-
like substances by cobra venom. J Physiol 1938; 94:187-226

6. Kellaway CH, Trethewie EF: The liberation of a slow-reacting smooth muscle
stimulating substance in anaphylaxis. Q J Exp Physiol Cogn Med Sci 1940; 30:121-145

7. Bergstrom S, D: on H, S: Isson B: The enzymatic formation of prosta-
glandin E, from arachidonic acid. Biochem Biophys Acta 1964; 90:207-210

8. Van Dorp DA, Beerthuis RK, Nugteren DH, et al: The biosynthesis of prosta-
glandins. Biochim Biophys Acta 1964; 90:204-207

9. Vane JR: Inhibition of prostaglandin synthesis as a mechanism of action for
aspirin-like drugs. Nature (New Biol) 1971;231:232-235

10. Hamberg M, Svensson J, Samuelsson B: Thromboxanes: A new group of
biologically active compounds derived from prostaglandin endoperoxides. Proc Natl
Acad Sci USA 1975; 72:2994-2998

11. Moncada S, Gryglewski R, Bunting S, et al: An enzyme isolated from arteries
transforms prostaglandin endoperoxides to an unstable substance that inhibits platelet
aggregation. Nature 1976; 263:663-665

12. Hammarstrom S: Leukotrienes. Annu Rev Biochem 1983; 52:355-377

13. Borgeat P, Samuelsson B: Arachidonic acid metabolism in polymorphonuclear
leukocytes: Effects of ionophore A23187. Proc Natl Acad Sci USA 1979; 76:2148-
2152

14. Murphy RC, Hammarstrom S, Samuelsson B: Leukotriene C: A slow-reacting
substance from murine mastocytoma cells. Proc Natl Acad Sci USA 1979; 76:4275-
4279

15. DyerbergJ, Bang HO, Stoffersen E, etal: Eicosapentaenoic acid and prevention
of thrombosis and atherosclerosis? Lancet 1978;2:117-119

16. FridovichI: The biology of oxygen radicals. Science 1978; 201:875-880

17. Siegel MI, McConnell RT, Cuatrecasas P: Aspirin-like drugs interfere with
arachidoniate metabolism by inhibition of the 12-hydroperoxy-5,8,10,14-
eicosatetraenoic acid peroxidase activity of the lipoxygenase pathway. Proc Natl Acad
Sci USA 1979; 76:3774-3778

18. Samuelsson B, Granstrom E, Green K, et al: Prostaglandins. Annu Rev
Biochem 1975; 44:669-695

19. Samuelsson B, Goldyne M, Granstrom E, et al: Prostaglandins and thrombox-
anes. Annu Rev Biochem 1978; 47:997-1029

20. Lands WEM: The biosynthesis and metabolism of prostaglandins. Annu Rev
Physiol 1979; 41:633-652

21. Samuelsson B: Leukotrienes: Mediators of immediate hypersensitivity reac-
tions and inflammation. Science 1983; 220:568-575

22. Lewis RA, Austen KF: The biologically active leukotrienes: Biosynthesis,
metabolism, receptors, functions, and pharmacology. J Clin Invest 1984; 73:889-897

23. Samuelsson F: From studies of biochemical mechanism to novel biological
mediators: Prostaglandin endoperoxides, thromboxanes, and leukotrienes—Nobel Lec-
ture, 8 December 1982. Biosci Rep 1983;3:791-813

24. Samuelsson B, Hammarstrom S: Leukotrienes: A novel group of biologically
active compounds. Vitam Horm 1982; 39:1-30

25. Serhan CN, Hamberg M, Samuelsson B: Lipoxins: Novel series of biologically
active compounds formed from arachidonic acid in human leukocytes. Proc Natl Acad
Sci USA 1984; 81:5335-5339

26. Simon LS, Mills JA: Drug therapy: Nonsteroidal anti-inflammatory drugs. N
EnglJ Med 1980; 302:1179-1185, 1237-1243

27. Huskisson EC (Ed): Anti-Rheumatic Drugs. New York, Praeger Scientific,
1983, pp 1-749

28. Weissmann G: Prostaglandins in acute inflammation, /n Current Concepts.
Kalamazoo, Mich, A Scope Publication of the Upjohn Company, 1980, pp 1-32

29. Metz SA: Anti-inflammatory agents as inhibitors of prostaglandin synthesis in
man. Med Clin North Am 1981; 65:713-757

30. Siegel MI, McConnell RT, Porter NA, et al: Aspirin-like drugs inhibit arachi-
donic acid metabolism via lipoxygenase and cyclo-oxygenase in rat neutrophils from
carrageenan pleural exudates. Biochem Biophys Res Commun 1980; 92:688-695

31. Robinson DR: Prostaglandins and anti-inflammatory drugs. DM 1983; 30:2-46

32. Flower RJ: Drugs which inhibit prostaglandin biosynthesis. Pharmacol Rev
1974, 26:33-67

33. Ciabattoni G, Cinotti GA, Pierucci A, etal: Effects of sulindac and ibuprofen in
patients with chronic glomerular disease. N Engl J Med 1984; 310:279-283

34. Daskalopoulos G, Kronborg I, Katkov W, et al: Sulindac and indomethacin
suppress the diuretic action of furosemide in patients with cirrhosis and ascites: Evi-
dence that sulindac affects renal prostaglandins. AmJ Kidney Dis, in press

35. Whittle BJR, Higgs GA, Eakins KE, et al: Selective inhibition of prostaglandin
production in inflammatory exudates and gastric mucosa. Nature 1980; 284:271-273

36. Needleman P, Raz A, Ferrendelli JA, et al: Application of imidazole as a

494

selective inhibitor of thromboxane synthetase in human platelets. Proc Natl Acad Sci
USA 1977;74:1716-1720

37. Tyler HM, Saxton CAPD, Parry MJ: Administration to man of UK-37,248-01,
aselective inhibitor of thromboxane synthetase. Lancet 1981; 1:629-632

38. Donadio JV Jr, Anderson CF, Mitchell JC III, et al: Membranoproliferative
glomerulonephritis: A prospective clinical trial of platelet-inhibitor therapy. N Engl J
Med 1984; 310:1421-1426

39. Hong SL, Levine L: Inhibition of arachidonic acid release from cells as the
biochemical action of anti-inflammatory corticosteroids. Proc Natl Acad Sci USA
1976; 73:1730-1734

40. Blackwell GJ, Camnuccio R, DiRosa M, et al: Macrocortin: A polypeptide
causing the anti-phospholipase effect of glucocorticoids. Nature 1980; 287:147-149

41. Hirata F: The regulation of lipomodulin, a phospholipase inhibitory protein, in
rabbit neutrophils by phosphorylation. J Biol Chem 1981;256:7730-7733

42. DiRosa M, Flower RJ, Hirata F, et al: Nomenclature announcement: Anti-phos-
pholipase proteins. Prostaglandins 1984; 28:441

43. Bach MK: Prospects for the inhibition of leukotriene synthesis. Biochem Phar-
macol 1984; 33:515-521

44. Granstrom E, Kindahl H: Radioimmunoassay of prostaglandins and thrombox-
anes, In Frolich JC (Ed): Advances in Prostaglandin and Thromboxane Research, Vol 5.
New York, Raven Press, 1978, pp 119-210

45. FitzGerald GA, Pedersen AK, Patrono C: Analysis of prostacyclin and throm-
boxane biosynthesis in cardiovascular disease. Circulation 1983; 67:1174-1177

46. FitzGerald GA, Oates JA, Hawiger J, et al: Endogenous biosynthesis of prosta-
cyclin and thromboxane and platelet function during chronic aspirin administration in
man. J Clin Invest 1983; 71:676-688

47. Granstrom E, Kindahl H, Swann ML: Profiles of prostaglandin metabolites in
the human circulation—Identification of late-appearing long-lived products. Biochim
Biophys Acta 1982; 713:46-60

48. Lee JB, Crowshaw K, Takman BH, et al: The identification of prostaglandins
E,, F,q, and A, from rabbit kidney medulla. BiochemJ 1967; 105:1251-1260

49. Zusman RM, Spector D, Caldwell BV, et al: The effect of chronic sodium
loading and sodium restriction on plasma prostaglandin A, E, and F concentrations in
normal humans. J Clin Invest 1973; 52:1093-1098

50. Lee JB: Renal homeostasis and the hypertensive state: A unifying hypothesis, In
Ramwell PW (Ed): The Prostaglandins, Vol 1. New York, Plenum Press, 1973, pp
133-187

51. Frolich JC, Sweetman BJ, Carr K, et al: Assessment of the levels of PGA, in
human plasma by gas chromatography-mass spectrometry. Prostaglandins 1975;
10:185-195

52. FitzGerald GA, Brash AR, Falardeau P, et al: Estimated rate of prostacyclin
secretion into the circulation of normal man. J Clin Invest 1981; 86:1271-1276

53. Martin K, Zipser RD, Horton R: The effect of prostaglandin inhibition on the
hypertensive action of sodium retaining steroids. Hypertension 1981; 3:622-628

54. Gerber JG: Indomethacin-induced rises in blood pressure. Ann Intern Med
1983; 99:555-558

55. Dzau VI, Packer M, Lilly LS, et al: Prostaglandins in severe congestive heart
failure: Relation to activation of the renin angiotensin system and hyponatremia. N Engl
J Med 1984; 310:347-352

56. Packham MA: Mode of action of acetylsalicylic acid, /n Barnett HIM, Hirsh J,
Mustard JF (Eds): Acetylsalicylic Acid: New Uses for an Old Drug. New York, Raven
Press, 1982, pp 63-86

57. Whittle BJR, Moncada S: Pharmacology of prostacyclin and thromboxanes. Br
Med Bull 1983;39:232-238

58. Silver MJ: Mechanisms of hemostasis and therapy of thrombosis: New concepts
based on the metabolism of arachidonic acid by platelets and endothelial cells. Adv
Pharmacol Chemother 1981; 18:1-47

59. DiMinno G, DeGaetano G, Garattini S: Dipyridamole and platelet function.
Lancet 1978; 2:1258-1259

60. Harlan JM, Harker LA: Hemostasis, thrombosis, and thromboembolic disor-
ders: The role of arachidonic acid metabolites in platelet-vessel wall interactions. Med
Clin North Am 1981; 65:855-880

61. Cannon PJ: Eicosanoids and the blood vessel wall. Circulation 1984;
70:523-528

62. Gryglewski RJ: Prostacyclin, prostaglandins, thromboxanes, and platelet func-
tion, In Lee JL (Ed): Prostaglandins. New York, Elsevier, 1981, pp 303-350

63. Stuart MJ, Gerrard JM, White JG: Effect of cholesterol on production of
thromboxane B, by platelets in vitro. N Engl J Med 1980; 302:6-10

64. Halushka PV, Rogers RC, Loadholt CB, et al: Increased platelet thromboxane
synthesis in diabetes mellitus. J Lab Clin Med 1981; 97:87-96

65. Pomerantz KB, Tall AR, Feinmark SJ, et al: Stimulation of vascular smooth
muscle cell prostacyclin synthesis by high density lipoproteins. Circ Res 1984;
54:554-565

66. Nadler JL, Velasco JS, Horton R: Cigarette smoking inhibits prostacyclin
formation. Lancet 1983; 1:1248-1250

67. FitzGerald GA, Smith B, Pedersen AK, et al: Increased prostacyclin biosyn-
thesis in patients with severe atherosclerosis and platelet activation. N Engi J Med 1984;
310:1065-1068

68. Eichner ER: Platelets, carotids, and coronaries: Critique on antithrombotic role
of antiplatelet agents, exercise, and certain diets. Am J Med 1984; 77:513-523

69. Marcus AJ: Aspirin as an antithrombotic medication. N Engl J Med 1983:
309:1515-1516

70. Marcus AJ: Arachidonate metabolism in vascular disorders. J Clin Invest 1983;
72:1521-1525

71. Chesebro JH, Fuster V, Elveback LR, et al: Effect of dipyridamole and aspirin

THE WESTERN JOURNAL OF MEDICINE



PROSTAGLANDINS, THROMBOXANES AND LEUKOTRIENES

in late vein-graft patency after coronary bypass operations. N Engl J Med 1984;
310:209-214 pass ope ¢

72. Pitt B, Shea M, Romson J, et al: Prostaglandins a
ischemic heart disease. Ann Intern Med 1983; 99:83-92

73. Vane JR: Clinical potential of prostacyclin, /n Samuelsson B, Paoletti R, Ram-
well P (Eds): Advances in Prostaglandin, Thromboxane, and Leukotriene Research,
Vol 11. New York, Raven Press, 1983, pp 449-456

74. Bunting S, O'Grady J, Fabiana JN, et al: Cardiopulmonary bypass in man:
Effects of prostacyclin, /n Lewis PJ, O’Grady JM (Eds): Clinical Pharmacology of
Prostacyclin. New York, Raven Press, 1981, pp 181-193

75. Turney JH, Williams LC, Fewell MR, et al: Platelet protection and heparin
sparing with prostacyclin during regular dialysis therapy. Lancet 1980; 2:219-222

76. Gimson AE, Langley PG, Huges RD, et al: Prostacyclin to prevent platelet
acu;';tit)?nsduring charcoal haemoperfusion in fulminant hepatic failure. Lancet 1980;
1:173-1

77. Walker ID, Davidson JF, Faichney A, et al: A double-blind study of prostacy-
clin in cardiopulmonary bypass surgery. BrJ Haematol 1981; 49:415-423

78. Szczeklik A, Nizankowski R, Skawinski S, et al: Successful therapy of ad-
vanced arteriosclerosis obliterans with prostacyclin. Lancet 1979; 1:1111-1114

79. Gryglewski RJ, Nowak S, Kostka-Trabka E, et al: Treatment of ischaemic
stroke with prostacyclin. Stroke 1983; 14:197-202

80. Carlson LA, Olsson AG: PGE, in ischaemic peripheral vascular disease, /n
Karim SMM (Ed): Practical Applications of Prostaglandins and Their Synthesis Inhib-
itors. Baltimore, University Park Press, 1979, pp 39-51

81. Dowd PM, Martin MF, Cooke ED, et al: Treatment of Raynaud’s phenomenon
by intravenous infusion of prostacyclin (PGI,). BrJ Dermatol 1982; 106:81-89

82. Belch JJ, McKay A, McArdle B, et al: Epoprostenol (prostacyclin) and severe
arterial disease—A double-blind trial. Lancet 1983; 1:315-317

83. Belch JJ, Newman P, Drury JK, et al: Intermittent epoprostenol (prostacyclin)
infusion in patients with Raynaud’s syndrome—A double-blind controlled trial. Lancet
1983; 1:313-315

84. Hossmann V, Heinen A, Auel H, etal: A randomized placebo controlled trial of
prostacyclin in peripheral arterial disease of the lower extremities. Thromb Res 1981
22:481-490

85. Goldman DW, Goetzl EJ: Mediation and modulation of immediate hypersensi-
tivity and inflammation byproducts of the oxygenation of arachidonic acid, /n Ward PA
(Ed): Immunology of Inflammation: Handbook of Inflammation, Vol 4. Amsterdam,
Elsevier, 1983, pp 163-187

86. Zurier RB: Prostaglandins and inflammation, /n Lee JB (Ed): Prostaglandins.
New York, Elsevier, 1982, pp91-112

87. Stenson WJ, Parker CW: Prostaglandins and the immune response, /n Lee JB
(Ed): Prostaglandins. New York, Elsevier, 1982, pp 39-89

88. Goodwin JS, Ceuppens J: Regulation of the immune response by prostaglan-
dins. J Clin Immunol 1983; 3:295-315

89. Simmons PM, Salmon JA, Moncada S: The release of leukotriene B, during
experimental inflammation. Biochem Pharmacol 1983; 32:1353-1359

90. Robinson DR, Dayer J-M, Krane SM: Prostaglandins and their regulation in
rheumatoid inflammation. Ann NY Acad Sci 1979; 332:279-294

91. KornJH, Halushka PV, LeRoy EC: Mononuclear cell modulation of connective
tissué function—Suppression of fibroblast growth by stimulation of endogenous prosta-
glandin production. J Clin Invest 1980; 65:543-554

92. Kuehl FA Jr, Humes JL, Egan RW, et al: Role of prostaglandin endoperoxide
PGG, in inflammatory processes. Nature 1977; 265:170-173

93, Baracos V, Rodemann HP, Dinarello CA, et al: Stimulation of muscle protein
degradation and prostaglandin E; rel by leukocytic pyrogen (interleukin-1)—A
mechanism for the increased degradation of muscle protein during fever. N Engl J Med
1983 308:553-558

94, Beisel WR: Mediators of fever and muscle proteolysis (Editorial). N Engl J
Med 1983; 308:586-587

95. Gimbrone MA Jr, Brock AF, Schafer Al: Leukotriene B, stimulates polymor-
phonuclear leukocyte adhesion to cultured vascular endothelial cells. J Clin Invest 1984;
74:1552-1555

96. Brain S, Camp R, Dowd P, et al: The release of leukotriene B,-like material in
biologically active amounts from the lesional skin of patients with psoriasis. J Invest
Dermatol 1984; 83:70-73

97. Hammarstrom S, Hamberg M, S: on B, et al: Inc d concentration of
free arachidonic acid, prostaglandins E, and F,, and of 12L-hydroxy-5,8, 10, 14- eicosa-
tetraenoic acid (HETE) in epidermis of psoriasis: Evidence for perturbed regulation of
arachidonic acid levels in psoriasis. Proc Natl Acad Sci USA 1975; 72:5130-5134

98. Sharon P, Stenson WF: Enhanced synthesis of leukotriene B, by colonic mucosa
in inflammatory bowel disease. Gastroenterology 1984, 86:453-460

99. Klickstein LB, Shapleigh C, Goetzl EJ: Lipoxygenation of arachidonic acid as a
source of polymorphonuclear leukocyte chemotactic factor in synovial fluid and in tissue
in rheumatoid arthritis and spondyloarthritis. J Clin Invest 1980; 66:1166-1170

100. Roberts LJ II, Sweetman BJ, Lewis RA, et al: Increased production of prosta-
glandin D, in patients with systemic mastocytosis. N Engl J Med 1980; 303:1400-1404

101. Gordon D, Bray MA, Morley J: Control of lymphokine secretion by prosta-
glandins. Nature (Lond) 1976, 262:401-402

102. Goodwin JS, Messner RP, Bankhurst AD, et al: Prostaglandin producing
suppressor cells in Hodgkin's disease. N Engl J Med 1977; 297:963-968

103. Goodwin JS: Immunologic effects of nonsteroidal anti-inflammatory drugs.
AmJ Med 1984; 77(4B):7-15

104. Karim SMM: Practical Applications of Prostaglandins. Baltimore, University
Park Press, 1979

105. Gail J: The use of PGs in human reproduction. Popul Rep [(G] 1980; 8:77-118

106. Patrick JE, Challis JRG: The role of prostaglandins and their inhibitors in

nd prostaglandin inhibitors in

OCTOBER 1985 + 143 =+ 4

reproduction, /n Barnett HIM, Hirsh J, Mustard JF (Eds): Acetylsalicylic Acid: New
Uses for an Old Drug. New York, Raven Press, 1982, pp 123-136

107. Caldwell BV, Behrman HR: Prostaglandins in reproductive processes. Med
Clin North Am 1981; 65:927-936

108. Samuelsson B: Isolation and identification of prostaglandins from human sem-
inal plasma. J Biol Chem 1963; 238:3229-3234

109. CooperJ, Kelly RW: The measurement of E and 19-hydroxy E prostaglandins
in human seminal fluid. Prostaglandins 1975; 10:507-514

110. Bygdeman M, Fredricsson B, Svanborg K, et al: The relation between fertility
and prostaglandin content of seminal fluid in man. Fertil Steril 1970; 21:622-630

111. Armstrong DT, Grinwich DL, Moon YS, et al: Inhibition of ovulation in
rabbits by intrafollicular injection of indomethacin and prc landin F antiserum. Life
Sci 1974; 14:129-140

112. O'Grady JP, Caldwell BV, Auletta EJ, et al: The effects of an inhibitor of
prostaglandin synthesis (indomethacin) on ovulation, pregnancy and pseudopregnancy
in the rabbit. Prostaglandins 1972; 1:97-106

113. Dennefors B, Hamberger L, Hillensjo T, et al: Aspects concerning the role of
prostaglandins for ovarian function. Acta Obstet Gynecol Scand 1983;
113(suppl):31-41

114. Dawson W, Lewis RL, McMahon RE, et al: Potent luteolytic agents related to
prostaglandin F,,. Nature 1974; 250:330-331

115. Horton EW, Poyster NL: Uterine luteolytic hormone: A physiological role for
prostaglandin F,,. Physiol Rev 1976; 56:595-651

116. Cooper MJ, Hammond D, Schultz RH: Veterinary uses of prostaglandins, /n
Karim SMM (Ed): Practical Applications of Prostaglandins and Their Synthesis Inhibi-
tors. Baltimore, University Park Press, 1979, pp 189-216

117. Chan WY: Prostaglandins and nonsteroidal antiinflammatory drugs in dys-
menorrhea. Annu Rev Pharmacol Toxicol 1983;23:131-149

118. Wiqvist N: Prostaglandins and their synthesis inhibitors in primary dysmenor-
rhoea, In Karim SMM (Ed): Practical Applications of Prostaglandins and Their Syn-
thesis Inhibitors. Baltimore, University Park Press, 1979, pp 217-265

119. Pulkkinen MO: Prostaglandins and the non-pregnant uterus—The pathophysi-
ology of primary dysmenorrhea. Acta Obstet Gynecol Scand 1983; 113 (suppl):63-67

120. Owen PR: Prostaglandin synthetase inhibitors in the treatment of primary
dysmenorrhea: Outcome trials reviewed. Am J Obstet Gynecol 1984; 148:96-103

121. Anderson ABM, Haynes PJ, Guillebaud J, et al: Reduction of menstrual blood
loss by prostaglandin synthetase inhibitors. Lancet 1976; 1:774-776

122. Toppozada M: Prostaglandins and their synthesis inhibitors in dysfunctional
uterine bleeding, /n Karim SMM (Ed): Practical Applications of Prostaglandins and
Their Synthesis Inhibitors. Baltimore, University Park Press, 1979, pp237-265

123. Christensen NJ, Green K: Endogenous prostaglandin synthesis and abortion:
A mini review. Acta Obstet Gynecol Scand 1983; 113(suppl): 109-111

124. Brenner WE, Berger GS: Pharmacologic methods of inducing mid-trimester
abortion: Risks and benefits, In Sciarra JJ, Zatuchni GI, Speidel JJ (Eds): Risks,
Benefits, and Controversies in Fertility Control. New York, Harper & Row, 1978, pp
292-321

125. Kajanoja P: Induction of abortion by prostaglandins in the second trimester of
pregnancy: A review. Acta Obstet Gynecol Scand 1983; 113(suppl): 145-151

126. Karim SMM: Termination of second trimester pregnancy with prostaglandins,
Practical Applications of Prostaglandins and Their Synthesis Inhibitors. Baltimore,
University Park Press, 1979, pp 375-409

127. Karim SMM, Ng SC, Ratnam SS: Termination of abnormal intrauterine preg-
nancy with prostaglandins, In Karim SMM (Ed): Practical Applications of Prostaglan-
dins and Their Synthesis Inhibitors. Baltimore, University Park Press, 1979, pp
319-374

128. Karim SMM, Trussell RR, Patel RC, etal: Response of pregnant human uterus
to prostaglandin F.,: Induction of labor. Br Med J 1968 4:621-623

129. Lange AP, Westergaard JG, Secher NJ, etal: Labor induction with prostaglan-
dins. Acta Obstet Gynecol Scand 1983; 113(suppl): 177-185

130. Levin DL: Effects of inhibition of prostaglandin synthesis on fetal develop-
ment, oxygenation and the fetal circulation. Semin Perinatol 1980; 4:35-44

131. Ellwood DA, Mitchell MD, Andersson A, et al: Oestrogens, prostaglandins
and cervical ripening. Lancet 1979; 1:376-377

132. Calder AA: Prostaglandins for pre-induction cervical ripening, /n Karim
SMM (Ed): Practical Applications of Prostaglandins and Their Synthesis Inhibitors.
Baltimore, University Park Press, 1979, pp 301-318 ‘

133. Heymann MA, Rudolph AM, Silverman NH: Closure of the ductus arteriosus
in premature infants by inhibition of prostaglandin synthesis. N Engl J Med 1976;
295:530-533

134. Friedman WF, Hirschklau MK, Printz MP, et al: Pharmacological closure of
the patent ductus arteriosus in premature infants. N Engl J Med 1976, 295:526-529

135. Coceani F, Olley PM: Action of prostaglandin synthetase inhibitors on the
ductus arteriosus: Experimental and clinical aspects, /n Barnett HIM, Hirsh J, Mustard
JF (Eds): Acetylsalicylic Acid: New Uses for an Old Drug. New York, Raven Press,
1982, pp 109-122

136. Heymann MA: Pharmacologic use of prostaglandin E, in infants with congen-
ital heart disease. Am HeartJ 1981; 101:837-843

137. Printz MP, Skidgel RA, Friedman WF: Studies of pulmonary prostaglandin
biosynthetic and catabolic enzymes as factors in ductus arteriosus patency and closure—
Evidence for a shift in products with gestational age. Pediatr Res 1984; 18:19-24

138. Dunn MJ, Patrono C, Cinotti GA (Eds): Prostaglandins and the Kidney. New
York, Plenum Medical Book, 1983

139. Dunn MJ: Renal prostaglandins, Renal Endocrinology. Baltimore, Williams
& Wilkins, 1983

140. Horton R, Zipser R, Fichman M: Prostaglandins, renal function and vascular
regulation. Med Clin North Am 1981; 65:891-914

495



PROSTAGLANDINS, THROMBOXANES AND LEUKOTRIENES

141. Ferris TF: Prostaglandins and the kidney. Am J Nephrol 1983; 3:139-144

142. Levenson DJ, Simmons CE, Brenner BM: Arachidonic acid metabolism,
prostaglandins and the kidney. Am J Med 1982 72:354-374

143. Clive DM, Stoff JS: Renal syndromes associated with nonsteroidal anti-in-
flammatory drugs. N Engl J Med 1984; 310:563-572

144. Garella S, Matarese RA: Renal effects of prostaglandins and clinical adverse
effects of nonsteroidal anti-inflammatory agents. Medicine (Baltimore) 1984,
63:165-181

145. Verberkmoes R, van Damme B, Clement J, et al: Bartter’s syndrome with
hyperplasia of the renomedullary interstitial cells—Successful treatment with indometh-
acin. Kidney Int 1976; 9:302-307

146. Fichman MP, Telfer N, Zia P, et al: Role of prostaglandins in the pathog
of Bartter’s syndrome. AmJ Med 1976; 60:785-797

147. Zipser RD, Rude RK, Zia PK, et al: Regulation of urinary prostaglandins in
Bartter's syndroime. Am J Med 1979; 67:263-267

148. Gill JR, Bartter FC: Evidence for a prostaglandin-independent defect in chlo-
ride reabsorption in the loop of Henle as a proximal cause of Bartter's syndrome. Am J
Med 1978; 65:766-772

149. Rumpf KW, Frenzel S, Lowitz HD, et al: The effect of indomethacin on
plasma renin activity in man under normal conditions and after stimulation of the
renin-angiotensin system. Prostaglandins 1975; 10:641-648

150. Veldhuis JD, Bardin CW, Demers LM: Metabolic mimicry of Bartter’s syn-
drome by covert vomiting: Utility of urinary chloride determinations. Am J Med 1979;
66:361-363

151. Boyer TD, Zia P, Reynolds TB: Effect of indomethacin and prostaglandin A,
on renal function and plasma renin activity in alcoholic liver disease. Gastroenterology
1979; 77:215-222
~152. Zipser RD, Hoefs J, Speckart P, et al: Prostaglandins: Modulators of renal
function and pressor resistance in chronic liver disease. J Clin Endocrinol Metab 1979;
48:895-900

153. Gentilini P, Laffi G, Buzzelli J: Functional renal alterations in chronic liver
disease. Digestion 1980;20:73-78

154. Gerber JG, Olson RD, Nies AS: Interrelationship between prostaglandins and
renin release. Kidney Int 1981; 19:816-821

155. Horton R: Prostaglandins and the renin-angiotensin system. Miner Electrolyte
Metab 1981; 6:60-67

156. Henrich WL: Role of prostaglandins in renin secretion. Kidney Int 1981;
19:822-830

157. Freeman RH, Davis JO, Villarreal D: Role of renal prostaglandins in the
control of renin release. Circ Res 1984; 54:1-9

158. Patrono C, Pugliese F, Ciabattoni G, et al: Evidence for a direct stimulatory
effect of prostacyclin on renin release in man. J Clin Invest 1982; 69:231-239

159. Speckart P, Zia P, Zipser R, et al: The effect of sodium restriction and prosta-
glandin inhibition on the renin-angiotensin system in man. J Clin Endocrinol Metab
1977; 44:832-837

160. Tan SY, Shapiro R, Franco R, et al: Indomethacin-induced prostaglandin
inhibition with hyperkalemia. Ann Intern Med 1979 90:783-785

161. Tan SY, Shapiro R, Kish MA: Reversible acute renal failure induced by indo-
methacin. JAMA 1979; 241:2732-2733

162. Donker AJM, Arisz L, Brentjens JRH, et al: The effect of indomethacin on
kidney function and plasma renin activity in man. Nephron 1976; 17:788-796

163. Kimberly RP, Plotz PH: Aspirin-induced depression of renal function. N Engl
JMed 1977:296:418-428

164. Stillman MT, Napier J, Blackshear JL: Adverse effects of nonsteroidal anti-in-
flammatory drugs on the kidney. Med Clin North Am 1984 68:371-385

165. Donker ABJ: The effect of indomethacin on renal function and glomerular
protein loss, /n Dunn MJ, Patrono C, Cinotti GA (Eds): Prostaglandins and the Kidney.
New York, Plenum Medical Book. 1983, pp251-262

166. Zipser RD, Zia P, Stone RA, et al: The prostaglandin and kallikrein-kinin
systems in mineralocorticoid escape. J Clin Endocrinol Metab 1978; 47:996-1001

167. Stokes JB, Kokko JP: Inhibition of sodium transport by prostaglandin E,
across the isolated perfused rabbit collecting tubule. J Clin Invest 1977; 59:1099-1104

168. Higashihara E, Stokes JB, Kokko JP, et al: Cortical and papillary micropunc-
ture examination of chloride in segments of rat kidney during inhibition of prostaglandin
production. J Clin Invest 1979: 64:1277-1287

169. Gerber JG: Role of prostaglandins in the hemodynamic and tubular effects of
furosemide. Fed Proc 1983;42:1707-1710

170. Patak RV, Mookerjee BK, Bentzel CJ, et al: Antagonism of the effects of
furosemide by indomethacin in normal and hypertensive man. Prostaglandins 1975;
10:649-659

171. Mirouze D, Zipser RD, Reynolds T: Inhibition of the action of diuretics by
non-steroidal anti-inflammatory drugs in patients with chronic liver disease and ascites.
Hepatology 1983; 3:50-55

172. Orloff J, Handler JS, Bergstrom S: Effect of prostaglandin (PGE,) on the
permeability response of the toad bladder to vasopressin, theophylline and adenosine
3':5'-monophosphate. Nature (Lond) 1965; 205:397-398

173. Zusman RM, Keiser HR, Handler JS: Vasopressin-stimulated prostaglandih E
biosynthesis in the toad urinary bladder: Effect on water flow. J Clin Invest 1977;
60:1339-1347

174. Zusman RM: Prostaglandins, vasopressin, and renal water reabsorption. Med
Clin North Am 1981; 65:915-925

175. Garcia-Perez A, Smith WL: Apical-basolateral membrane asymmetry in ca-
nine cortical tubule cells—Bradykinin, arginine vasopressin, prostaglandin E, interrela-
tionships. J Clin Invest 1984; 74:63-74

176. Usberti M, Dechaux M, Guillot M, et al: Renal prostaglandin E, in nephro-

496

genic diabetes insipidus: Effects of inhibition of prostaglandin synthesis by indometh-
acin. J Pediatr 1980; 97:476-478

177. Morrison AR, Nishikawa K, Needleman P: Unmasking of thromboxane A,
synthesis by ureteral obstruction in the rabbit kidney. Nature 1977; 267:259-260

178. Currie M, Kawasaki A, Jonas P, et al: The mechanism and site of the enhanced
arachidonate metabolism in ureter obstruction, /n Dunn MJ, Patrono C, Cinotti GA
(Eds): Prostaglandins and the Kidney—Biochemistry, Physiology, Pharmacology and
Clinical Applications. New York, Plenum Press, 1983, pp 299-308

179. Zipser RD, Myers S, Needleman P: Exaggerated prostaglandin and throm-
boxane synthesis in the rabbit with renal vein constriction. Circ Res 1980; 47:231-237

180. Okegawa T, Jonas PE, DeSchryver K, et al: Metabolic and cellular alterations
underlying the exaggerated renal prostaglandin and thromboxane synthesis in ureter
obstruction in rabbits: Inflammatory response involving fibroblasts and mononuclear
cells. J Clin Invest 1983; 71:81-90

181. Lianos EA, Andres GA, Dunn MJ: Glomerular prostaglandin and throm-
boxane synthesis in rat nephrotoxic serum nephritis: Effects on renal hemodynamics. J
Clin Invest 1983; 72:1439-1448

182. Zipser RD: The effects of selective inhibition of thromboxane synthesis on
renal function in man. Am J Physiol 1985, in press

183. Zipser RD, Radvan G, Kronborg I, et al: Urinary thromboxane B, and prosta-
glandin E, in the hepatorenal syndrome: Evidence for increased vasoconstrictor and
decreased vasodilator factors. Gastroenterology 1982; 84:697-703

184. Zipser RD, Kronborg I, Radvan G, et al: Therapeutic trial of thromboxane
synthesis inhibition in the hepatorenal syndrome. Gastroenterology 1984; 87:1228-
1232

185. Foegh ML, Winchester JF, Zmudka M, et al: Urine i-TxB, in renal allograft
rejection. Lancet 1981;2:431-434

186. Mathe AA, Hedqvist P, Strandberg K, et al: Aspects of prostaglandin function
inthe lung. N Engl J Med 1977; 296:850-855, 910-914

187. Hyman AL, Mathe AA, Lippton HL, et al: Prostaglandins and the lung. Med
Clinics North Am 1981 65:789-808

188. Carlson LA, Ekelund LG, Oro L: Clinical, metabolic and cardiovascular
effects of different prostaglandins in man. Acta Med Scand 1970; 188:553-559

189. Kadowitz PJ, Joiner PD, Hyman AL: Effects of prostaglandin E; on pulmo-
nary vascular resistance in the intact dog, swine and lamb. Eur J Pharmacol 1975;
31:72-75

190. Ishizaki T, Miyabo S, Mifune J, et al: OP-1206, a prostaglandin E, derivative:
Effects of oral administration to patients with chronic lung disease. Chest 1984;
85:382-386

191. Watkins WD, Peterson MB, Crone RK, et al: Prostacyclin and prostaglandin
E, for severe idiopathic pulmonary artery hypertension (Letter). Lancet 1980; 1:1083

192. Mathe AA, Hedgvist P, Holmgren A, et al: Bronchial hyperreacnwty to
pros(aglandm F2 alpha and histamine in patients with asthma. Br Med J 1
1:193-196

193. Cuthbert MF: Effect on airways resistance of PGE, given by aerosol to healthy
and asthmatic volunteers. Br Med J 1969; 4:723-726

194. Dahlén SE, Hedqvist P, Hammarstrom S, et al: Leukotrienes are potent con-
strictors of human bronchi. Nature 1980; 288:484-486

195. Weiss JW, Drazen JM, Coles N, et al: Bronchoconstrictor effects of leuko-
triene C in humans. Science 1982;216:196-198

196. Drazen JM, Austen KF, Lewis RA, et al: Comparative airway and vascular
activities of leukotrienes C-1 and D in vivo and in vitro. Proc Natl Acad Sci USA 1980;
77:4354-4358

197. Bisgaard H: Leukotrienes and prostaglandins in asthma. Allergy 1984;
39:413-420

198. Brocklehurst WE: The release of histamine and formation of a slow-reacting
substance during anaphylactic shock. J Physiol (Lond) 1960; 151:416-435

199. Lewis RA, Austen KF, Drazen JM, et al: Slow-reacting substances of anaphy-
laxis: Identification of leukotrienes C and D from human and rat sources. Proc Natl
Acad Sci USA 1980; 77:3710-3714

200. MacGlashan DW, Schieimer RP, Peters SP, et al: Generation of leukotrienes
by purified human lung mast cells. J Clin Invest 1982; 70:747-751

201. Dahlen SE, Hansson G, Hedqvist P, et al: Allergic challenge of lung tissue
from asthmatics elicits bronchial contraction that correlates with the release of leuko-
triene C,, D, and E,. Proc Natl Acad Sci USA 1983; 80:1712-1716

202. Griffin M, Weiss W, Leitch AG, et al: Effects of leukotriene D on the airways
inasthma. N EnglJ Med 1983; 308:436-439

203. Piper PJ, Samhoum MN: The mechanism of action of leukotriene C, and D, in
guinea-pig isolated perfused lung and parenchymal strips of guinea pig lung. Prostaglan-
dins 1981:21:793-803

204. Jones TR, Davis C, Daniel EE: Pharmacological study of the contractile
activity of leukotriene C, and D, on isolated human airway smooth muscle. Can J
Physiol Pharmacol 1982; 60:638-643

205. Szczeklik A, Gryglewski RJ, Czerniawska-Mysik G: Clinical patterns of
hypersensitivity to nonsteroidal anti-inflammatory drugs and their pathogenesis. J Al-
lergy Clin Immunol 1977; 60:276-284

206. Hechtman HB, Huval WV, Mathieson MA, et al: Prostaglandin and throm-
boxane mediation of cardiopulmonary failure. Surg Clin North Am 1983; 63:263-283

207. Demling RH: Role of prostaglandins in acute pulmonary microvascular in-
jury. Ann NY Acad Sci 1982; 384:517-534

208. Utsunomiya T, Krausz MM, Levine L, et al: Thromboxane mediation of
cardiopulmonary effects of embolism. J Clin Invest 1982; 70:361-368

209. Klotz TA, Cohn LS, Zipser RD: Urinary excretion of thromboxane B, in
patients with venous thromboembolic disease. Chest 1984; 85:329-335

210. Saldeen T: Clotting, microembolism, and inhibition of fibrinolysis in adult
respiratory distress. Surg Clin North Am 1983; 63:285-304

THE WESTERN JOURNAL OF MEDICINE



PROSTAGLANDINS, THROMBOXANES AND LEUKOTRIENES

211. McKeen CR, Brigham KL, Bowers RE, et al: Pulmonary vascular effects of
fat emulsion infusion in unanesthetized sheep—Prevention by indomethacin. J Clin
Invest 1978;61:1291-1297

212. Casey LC, Fletcher JR. Zmudka MI, et al: Prevention of endotoxin-induced
pulmonary hypertension in primates by the use of a selective thromboxane synthetase
inhibitor, OXY 1581. J Pharmacol Exp Ther 1982; 222:441-446

213. Jacobs ER. Bone RC: Mediators of septic lung injury. Med Clin North Am
1983 67:701-715

214. Cook JA. Wise WC, Halushka PV: Elevated thromboxane levels in the rat
during endotoxic shock: Protective effects of imidazole. 13-azaprostanoic acid, or
essential fatty acid deficiency. J Clin Invest 1980; 65:227-230

215. Reines HD, Halushka PV, Cook JA, et al: Plasma thromboxane concentrations
are raised in patients dying with septic shock. Lancet 1982;2:174-175

216. Bult H, Herman AG: Prostaglandins and circulatory shock, /n Herman AG,
Vanhoutte PM, Denolin H, et al (Eds): Cardiovascular Pharmacology of the Prostaglan-
dins. New York, Raven Press, 1982, pp 327-345

317. Fletcher JR: Prostaglandin synthetase inhibitors in endotoxin or septic
shosk—A review. Adv Shock Res 1983; 10:9-14

218. Clark JG, Kostal KM, Marino BA: Bleomycin-induced puimonary fibrosis in
hamsters: An alveolar macrophage product increases fibroblast prostaglandin E, and
cyclic adenosine monophosphate and suppresses fibroblast proliferation and collagen
production. J Clin Invest 1983; 72:2082-2091

219. Goldstein RH, Nukkerm J, Glassroth J, et al: Influence of asbestos fibers on
collagen and prostaglandin production in fibroblast and macrophage co-cultures. J Lab
Clin Med 1982: 100:778-785

220. Karim SMM., Filshie GM: Therapeutic abortion using PGF,,. Lancet 1970;
1:157-159

221. Horton EW, Main IHM, Thompson CJ. et al: Effect of orally administered
prostaglandin E; on gastric secretion and gastrointestinal motility in man. Gut 1968;
9:655-658

222. Matuchansky C, Bemier JJ: Effect of PGE, on glucose, water and electrolyte
absorption in the human jejunum. Gastroenterology 1973;64:1111-1118

223. Cummings JH, Newman A, Misiewicz JJ, et al: Effect of intravenous prosta-
glandin F,, on small intestinal function in man. Nature 1973; 243:169-171

224. Korman ST, Berant M, Alon U: Review: Prostaglandins in diarrheal states. Isr
JMed Sci 1981; 17:1109-1113

225. Rachmilewitz DR: Prostaglandins and diarrhea. Dig Dis Sci 1980;
25:897-899

226. Rask-Madsen J, Bukhave K, Bytzer P, et al: Prostaglandins in the gastrointes-
tinal tract. Acta Med Scand 1984; 685(suppl):30-46

227. Wilson DE, Kaymakcalan H: Prostaglandins: Gastrointestinal effects and
peptic ulcer disedse. Med Clin North Am 1981; 65:773-787

228. Robert A: Prostaglandins in gastrointestinal disease, /n Karim SMM (Ed):
Practical Applications of Prostaglandins and Their Synthesis Inhibitors. Baltimore,
University Park Press. 1979, pp 89-102

229. Kinberg DV, Field M, Gershon E, et al: Effects of prostaglandins and cholera
enterotoxin on intestinal mucosal cyclic AMP accumulation. J Clin Invest 1974;
53:941-949

230. Bukhave K, Rask-Madsen J: Saturation kinetics applied to in vitro effects of
low prostaglandin E, and F,, concentrations on ion transport across human jejunal
mucosa. Gastroenterology 1980; 78:32-42

231. Gots RE, Formal SB, Giannella RA: Indomethacin inhibition of Salmonella
typhimurium, Shigella flexneri, and cholera-mediated rabbit ileal secretion. J Infect Dis
1974; 130:280-284 )

232. Metz SA, McRae JR, Robertson RP: Prostaglandins as mediators of paraneo-
plastic syndromes: Review and up-date. Metabolism 1981; 30:299-316

233. Roberts LJ 11, Sweetman BJ, Maas RL, et al: Clinical application of PG and
TX metabolite quantification. Prog Lipid Res 1981:20:117-121

234. Ligumsky MF, Karmeli F, Sharon P, et al: Enhanced thromboxane A, and
prostacyclin production by cultured rectal mucosa in ulcerative colitis and its inhibition
by steroids and sulfasalazine. Gastroenterology 1981; 81:444-449

235. Rarpton DS, Hawkey CJ: Prostaglandins and ulcerative colitis (Review). Gut
1984;25:1399-1413

236. Sharon P, Ligumsky M, Rachmilewitz D, et al: Role of prostaglandins in
ulcerative colitis—Enhanced production during active disease and inhibition by sulfasal-
azine. Gastroenterology 1978; 75:638-640

237. Craven PA, Saito R, DeFubertis FR: Role of local prostaglandin synthesis in
the modulation of proliferative activity of rat colonic epithelium. J Clin Invest 1983;
72:1365-1375

238. Campieri M, Lanfranchi GA, Bazzocchi G, et al: Prostaglandins, indometh-
acin, and ulcerative colitis (Letter). Gastroenterology 1980; 78:193

239. Rampton DS, Sladen GE: Prostaglandin synthesis inhibitors in ulcerative
colitis: Flurbiprofen compared with conventional treatment. Prostaglandins 1981:
21:417-425

240. Campieri M, Lanfranchi GA, Bazzocchi G, et al: Salicylate other than 5-ami-
nosalicylic acid ineffective in ulcerative colitis (Letter). Lancet 1978:2:993

241. Goldin E, Rachmilewitz D: Prostanoids cytoprotection for maintaining remis-

OCTOBER 1985 + 143 + 4

sion in ulcerative colitis—Failure of 15(R), 15-methylprostaglandin E,. Dig Dis Sci
1983; 28:807-811

242. Sharon P, Stenson WF: Enhanced synthesis of leukotriene B, by colonic mu-
cosa in inflammatory bowel disease. Gastroenterology 1984; 86:453-460

243. Sharon P, Stenson WF: Metabolism of arachidonic acid in acetic acid colitis in
rasts—Slmllamy to human inflammatory bowel disease. Gastroenterology 1985;
88:55-63

244. Musch MW, Miller RJ, Field M, et al: Stimulation of colonic secretion by
lipoxygenase metabolites of arachidonic acid. Science 1982;217:1255-1256

245. Stenson WF, Lobos E: Sulfasalazine inhibits the synthesis of chemotactic
lipids by neutrophils. J Clin Invest 1982; 69:494-497

246. Robert A, Nezamiste JE, Phillips JP: Inhibition of gastric secretion by prosta-
glandins. AmJ Dig Dis 1967; 72:1073-1076

247. Wada T, Ishizawa M: Effects of prostaglandin on the function of the gastric
secretion. JpnJ Clin Med 1970; 28:2465-2468

248. Wilson DE, Phillips C, Levine RA: Inhibition of gastric secretion in man by
prostaglandin A, . Gastroenterology 1971; 61:201-206

249. Miller TA: Protective effects of prostaglandins against gastric mucosal
damage: Current knowledge and proposed mechanisms. Am J Physiol 1983;
245:G601-G623

250. Johansson C, Bergstrom S: Prostaglandins and protection of the gastroduo-
denal mucosa. Scand J Gastroenterol 1982; 17(suppl 77):47-62

251. Check WA: Prostaglandins being tested for gastrointestinal ulcers, bleeding.
Clin Pharm 1984; 3:563-568

252. Goyal RK: Deleterious effects of prostaglandins on esoph:
rial). Gastroenterology 1980; 78:1085-1087

253. Northway MG, Castell DO: Do prostaglandins cause gastrointestinal mucosal
injury? Dig Dis Sci 1981; 26:453-456

254. Hollander D, Tarnawski A, Gergely M, et al: Sucralfate protection of the
gastric mucosa against ethanol induced injury: A prostaglandin-mediated process?
Scand J Gastroenterol 1984 19(suppl):97-102

255. Thornell E: Mechanisms in the development of acute cholecystitis and biliary
pain: A study of the role of prostaglandins and effects of indomethacin. Scand J Gas-
troenterol 1982; 17(suppl 76):1-31

256. Fiedler L: PGF,,—A new therapy for paralytic ileus? Adv Prostaglandin
Thromboxane Res 1980; 8:1609-1610

257. Robertson RP: Prostaglandins, glucose homeostasis, and diabetes mellitus.
Med Clin North Am 1981: 65:759-771

258. Robertson RP: Prostaglandins, glucose homeostasis, and diabetes mellitus.
Annu Rev Med 1983; 34:1-12

259. Robertson RP: Arachidonic acid and metabolic disorders. Spec Top Endo-
crinol Metab 1983; 5:55-81

260. Metz S, VanRollins M, Strife R, et al: Lipoxygenase pathway in islet endo-
crine cells—Oxidative metabolism of arachidonic acid promotes insulin release. J Clin
Invest 1983; 71:1191-1205

261. Voelkel EF, Tashjian AH Jr, Franklin R, et al: Hypercalcemia and tumor-
prostaglandins: The VX, carcinoma model in the rabbit. Metabolism 1975; 24:973-986

262. Doppelt SH, Slovik DM, Neer RM, et al: Gut-mediated hypercalcemia in
rabbits bearing VX, carcinoma: New mechanism for tumor-induced hypercalcemia.
Proc Natl Acad Sci USA 1982; 79:640-644

263. Seyberth HW., Segre GV, Morgan JL, et al: Prostaglandins as mediators of
hypercalcemia associated with certain types of cancer. N Engl J Med 1975; 293:1278-

1283

| mucosa (Edito-

&

264. Robertson RP, Baylink DJ, Metz SA, et al: Plasma prc landin E in
with cancer with and without hypercalcemia. J Clin Endocrinol Metab 1976; 43 1330-
1335

265. Demers LM, Allegra JC, Harvey HA, et al: Plasma prostaglandins in hyper-
calcemic patients with neoplastic disease. Cancer 1977; 39:1559-1562

266. Minkin C, Fredericks RS, Pokress S, et al: Bone resorption and humoral
hypercalcemla of malignancy: Stimulation of bone resorption in vitro by tumor extracts

inhibited by prostaglandin synthesis inhibitors. J Clin Endocrinol Metab 1981;

53 941-947

267. Mundy GR. Ibbotson KJ, D'Souza SM., et al: The hypercalcemia of cancer:
Clinical implications and pathogenic mechanism. N Engl J Med 1984; 310:1718-1727

268. Goodwin JS: Prostaglandins and host defe in cancer. Med Clin North Am
1981; 65:829-844

269. Levine L: Arachidonic acid transformation and tumor production. Adv Cancer
Res 1981; 35:49-79

270. Honn KV, Menter D, Cavanaugh PG, etal: A review of prostaglandins and the

of tumor Acta Clin Belg 1983 38:53-67

271. Tisdale MJ: Role of prostaglandi ic di
Minireview on cancer research. Exp Cell Biol I983 51:250-256

272. Bockman RS: Prostaglandins in cancer: A review. Cancer Invest 1983;
1:485-493

273. Bennett A: Prostaglandins and cancer, /n Karim SMM (Ed): Practical Appli-
cations of Prostaglandins and Their Synthesis Inhibitors. Baltimore, University Park
Press, 1979, pp 149-188

ion of cancer:

497



